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SUMMARY 


'=^Arwlytical  and  ezper^ntal  model  studies  were  made  at  the  Stevens 
Institute  of  Technology, Tovlm^  _  (ETT)  in  order  to  de¬ 
termine  the  origin  and  dependence  upon  the^  basic  planing  parameters  of  the 
main  spray  associated  with  prismatic  planing  hulls*  It  was  found  that  the 
main  spray  originates  locally  at  the  stagnation  line  intersection  with  the 
chine  and  that  the  water  contained  in  the  spray  cores  from  a  strip  of  un- 
distxirbed  surface  fluid  lying  ahead  of  and  parallel  to  the  chins  over  a 
width  approximately  0*10  beams  on  either  side  of  the  chine  line.  The  max- 
Imum  spray  height  was  found  to  be  proportional  to  the  square  of  the  plan¬ 
ing  velocity,  increased  almoet  linearly  with  increasing  trim  angle,  did 
not  vary  strongly  with  deadrise  angle,  achieved  a  sauciaua  height  at  a 
deadrise  angle  of  10  degrees,  and  was  independent  of  aspect  ratio  in  the 
ehlnes-iMtted  planing  oondition.  Ssiall  vertical  spray  stripe  were  very 
effective  in  csosing  considerable  reductions  in  spray  height*  Horisoatal 


chine  flares  were  ineffective  in  reducing  the  spray  height 

IMIICUTURX 


b  beam  of  planing  surface 

speed  ooefficieiTt  T/  /gF 
d  depth  of  chime  strip  below  chime  lime 
g  aeoelermtieii  of  gravity 
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X  horlsontal  dlstanc*  along  bo<^  axis 

y  transTora#  diatanca  lcbo<jt]r  axis 

a  angle  between  stacxuitlon  line  and  vhlaker  epraj  Masured  in  plane 
of  bottoM 

p  deadrise  angle 

S  spraj  thicknsss 

^  lateral  position  of  iMziirai  height  of  main  spray  blister  outboard 
of  chine 

/  angle  between  spray  sheet  and  planing  surface 

X  wean  wetted  length  been  ratio, 

J  total  length  of  planing  surface 

distance  of  stagnation  point  ahead  of  trailing  edge  of  planing 
surface 

^2  distance  of  stagnation  point  behind  the  leading  edge  of  planing 
surface 

naan  vetted  length 
w  tan""^  df/<bc 

p  aass  densi^  of  fluid 

o  sxnrfaoe  tension  of  fluid 

t  tria  angle 

(  aaxlmai  hei^t  of  Min  spray  blister  aboTs  IstsI  water  surface 

iimioivcnoK 

This  rspert  pressats  ths  results  ef  e  aedel  sta^  ef  the  phiaiMsei 
ef  the  Mia  er  blister  spray  gaaerated  by  plealng  halls.  Matiratlea  far 
this  varh  ateewwi  free  ths  Ispertenee  af  sach  spraya  as  sra  prsduasi  tgr 
»eer^*M«  dsriag  tshs  sff  sad  IsMlsg*  It  alvaya  hM  btea  a  prsblaa  far 
the  eeeplaae  gr signer  te  M-rsstgs  the  vljig,  tail  aai  eaglM  leeatleeM  be 


nlnijdse  the  vetting  of  such  raenbers  by  the  planing  8pr«y.  Laplngenant  of 
a  heavy  spray  on  the  vlngs,  particularly  upon  the  flaps,  can  and  has  pro¬ 
duced  stxnictural  daMige.  With  the  advent  of  Jet-powered  seaplanes,  It  Is 
particularly  inpcrtsnt  that  spray  be  so  controlled  as  to  prevent  Ingestion 
Into  the  Jet  engines  of  water  idilch  can  easily  extinguish  coabustion  or 
lead  to  corrosion  of  turbine  blades. 

Present-day  practice  in  design  of  seaplanes  seeks  to  provide  a  con¬ 
trol  on  the  spray  by  aeans  of  spray  dans  which  are  essentially  flanges  Into 
which  tha  hull  Is  faired  at  the  chine.  The  dans  direct  the  water  downward 
at  the  Juncture  of  the  chine  and  water  surface.  Saall-scale  tests  have  been 
condhicted  with  a  nodal  of  the  specific  seaplane  under  consideration  In  order 
to  determine  the  offectiveness  of  the  chine  conflguratlone  In  reducing  the 
spray  configuration  with  respect  to  the  hull.  Such  experimentation  usually 
haa  been  on  a  design- to-deelgn  basis  and,  although  materially  assisting  in 
the  solution  of  specific  spray  problems,  has  contributed  little  to  an  under¬ 
standing  of  the  flow  pattern,  its  origin,  and  bow  It  depende  upon  speed, 
trim  and  ths  geometry  of  a  bo^.  Inasmuch  as  a  baaic  systematic  study  of 
see^lans  epray  generation  is  lacking,  e  comhirmd  theoretical  and  experi¬ 
mental  investigation  waa  undertaken  to  provide  some  insist  into  the  mscb- 
anlam  of  the  generation  of  the  main  ^pray  and  how  its  geomstry  varies  with 
planing  conditions  and  the  shape  of  the  planing  bo<!^. 

This  report  beginB  with  a  description  of  the  basic  types  of  spray 
formations  produced  by  planlsg  eurfaoee  and  bow  their  qualitative  behavior 
and  generatioa  may  be  accounted  for  theoretloelly.  Ihe  experimental  work 
undsrtaken  Is  descrlbsd  next  end  the  test  results  ere  presented  in  e  form 
which  ebowB  the  depeodexve  of  the  ooordinetee  cf  the  meximum  hei^t  of  the 
■aln  spray  upon  the  epeed  coefficient  and  angles  of  trim  end  deedrlse.  The 
sf fsctlveneee  of  simple  spray  stripe  along  the  chine  is  determined  f)rom 
systemetlc  teste. 

This  weUi,  abieli  has  beam  conducted  at  the  Cxperlaentel  Tbarlmg  Task, 
SWeame  Xmstitm.  ef  heelnwlsty  (*r^),  has  Wen  eiyperted  by  the  Weeb^ice 
Irmmdt,  Offise  ef  ■meal  baeaarab  ander  Ceatreet  fhmt  ?6110.  Tale  sW# 
aam  issfpMtad  as  PW>ai  W.  rX-1709  at  CTT. 
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BISIC  OONCEPT  0?  SPRAT 
QENHUTION 

0»»r>l  CoMldT>tloni 

It  is  eoawn  !cnowl«dg«  that  larg*  dlatortiona  of  a  fluid  iurfaca 
occur  naar  tba  laading  adga  of  nottad  arcaa  of  bodiaa  which  plana  upon  or 
piarca  tha  vatar  aurfaea  at  high  apaada.  Tbaaa  hi^h-apaad  watar  diator^ 
ticna  gaoarallj  laad  to  tha  fomation  of  apragr*  At  low  apaada  tha  watar 
i:  tion  naar  tba  bow  takaa  tha  forw  of  a  wawa  which  it  in  continuoua  contact 
with  tha  bo4r  aurfaea  and  nai^borix>g  fluid.  At  hlghar  apaada  tha  flow 
about  tha  bow  falla  to  cling  tc  tha  aurfaea  aa  a  waiTt  and  aaparataa  freak  it, 
thua  fonlng  a  locally  wantilatad  flow.  Dapanding  upon  tha  ahi^  of  tha 
loading  adga,  thia  rantilation  way  bt  pracadad  or  followed  ty  a  rupturing 
of  tha  flow  Into  two  parta.  Ona  pax^  fonaa  tha  apray  which  nowaa  out  and 
tq3vard|  whila  tha  othar  raawilne  aa  tha  aaln  bo^  of  tha  flow  fiald.  lha 
banlc  raason  for  auch  a  atrong  raaetlon  la  tha  praaanea  of  a  stagnation 
Una  in  tha  lawdiata  riolnity  of  tha  fraa  aurfaea.  A  atagnation  lina  la 
a  locua  of  pointa  on  a  body  along  which  tha  flow  la  diwidad  into  two  perte 
and  on  which  tha  naxlaa  praaaura  la  daralopad  fron  tha  brix^ing  to  mat 
an  laportant  eonponrat  of  tha  fraa  otraan  raloclty,  T  •  At  law  V  ,  tha 
praaanea  of  thla  atagnation  lina  will  eauaa  a  local  "bunp*  or  awalllng  of 
tha  fraa  aurfaea  «id  will  eontributa  to  tha  ganamtian  of  a  wara  train 
downatraan  or  aft  of  tha  body*  Aa  tha  plaidng  aurfaea  Talaeity,  T ,  ia 
ineranaad,  tba  fluid  about  Hm  atagnation  atraanllna  will  noua  upward  and 
outward  with  incraaalng  foraa  wtil  tba  layar  tnara  awigr.  Datnmlnatlan 
of  tha  raloclty  idil^  inltlataa  tbia  tranaitian  can  ba  aiplalnnd  by  talcingi 
•a  ananpla,  tba  enaa  af  an  ebatacla  placed  cloaa  ta  tba  fluid-air  Intar- 
faaa  aa  ia  ahami  in  tha  ad>oaat  abatah. 


ts 


leading  edge  of  bo<^ 
over  which  pressure 
Is  positive 


The  forces  eetlng  on  the  eleaent  ABCD  ere  considered  to  bet  l)  the 
reaction  from  the  bo4]r,  2)  the  surfaoe  tension,  and  3)  gravitgr.  The  equa* 
tion  of  notion  along  the  norail  to  the  bo^f  then  is 

p(s)(hS)  -  2a^  (as)  -  pct(AS)  ooe  w  -  -  pt  AS  t 

dx  “ 

provided  the  firictional  foroee  are  oeglseted.  If  the  thin  Isgrer  of  water 
rounding  the  obstacle  is  *9  detach  and  thus  vectilate,  the  pressure  along 
DC  nest  fall  to  eero.  The  critic^  eulocitgr  then  is  given 

The  general  expmeaisn  far  reAius  ef  ees^ture  is 

t^iituiUg  Bfeetien  (3)  li^  tfeeUea  (f)  reaalte  la 

r 

»**  * -if  (» *  <i>  ]  •#  — 


(O 
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InaBBiuch  as  the  surfaoa  t«neiou  of  water  la  snail  (about  0.00512  Ib./ft.), 
the  coefficient  of  the  first  tent  on  the  right-hand  side  of  Equation  (U) 
(0.005l2/t)  can  be  large,  relative  to  the  second  ten,  only  for  Tsry  small 
bodies.  For  geometrically  slMllar  obstacles,  the  importance  of  the  first 
ten  dlalnlsbes  linearly  with  size  (since  t  Increases  irlth  size),  Pereas 
the  last  ten  grows  linearly  with  size.  Consequently,  the  surface  tension 
plays  rlrtually  no  role  in  the  flow  about  large  bodies.  In  general,  then, 
the  onset  of  spray  may  be  expected  to  depend  upon  the  Ftx>ude  mnber  axxi 
the  Weber  number  so  that  some  scale  effect  can  be  expected  in  small  model 
tests  In  idilch  only  the  nroude  number  Is  preserred.  As  will  be  presently 
seen,  the  thickness,  t,  of  the  fluid  layer  which  Is  sklsMsd  off  into 
spray  by  a  flat  planing  surface  Is  Indeed  snail  so  that  It  is  quite  possi¬ 
ble  for  surface  tension  to  Influence  the  generation  of  spray  and  the  shape 
of  the  spray  sheet  after  It  leares  the  hull. 

Spray  Generated  by  a  fwo-Dlmenslonal  Flat  Planing  Plate 

The  local  flow  pattern  about  a  flat  plate  planing  on  the  surface  of 

1  2 
a  fluid  has  been  treated  by  Wagner  and  more  completely  by  A.E.  Green 

using  the  two-dimensional  free-stzeajallns  theozy.  Rsr  present  purposes  It 

will  be  sufficient  merely  to  use  some  of  their  results  to  Illustrate  the 

theoretically  predicted  flow  pattern  about  a  flat  plaxdng  surface. 

Wagner's  mathmaatlcal  model  is  considered  first  to  illustrate  the 
fact  that  the  spray  thickness  Is  small  compared  to  a  characteristic  dlmsn- 
slon  of  ths  bo^jr*  Wagnsr  considered  a  plate  whose  length  above  the  calm 
water  intersection  is  Infinite  as  shown  In  ths  following  sketch. 


Wegner*#  Tws-Dlmrnslenal  Spray  CeftflgvaUem 


Using  Wagner's  solution,  which  applies  to  speeds  such  that  the  inertia 
forces  are  much  larger  than  the  gravity  force,  Equation  (29)  of  Refer¬ 
ence  3  can  be  used  to  approximate  the  spray  thickness,  S  ,  In  a  fraction 
of  the  vetted  length  {.H^)  measured  to  the  spray  root  as: 


J _ 7r 

1^  ~  h  ♦  27rT 


(for  T  <  <  l.O) 


(5) 


where  t  is  the  trim  angle  in  radians.  Thus,  for  a  trim  angle  of  12  de¬ 
grees,  S  is  only  about  2.5  percent  of  and  Is  directed  upward  at  the 
trim  angle  'c «  However,  this  initial  trajectory  angle  of  the  spray  depends 

upon  the  Initial  extent  of  the  upper  end  of  the  plate  above  the  undis- 

2 

turbed  free  sxirface  as  shown  theoretically  ty  Oreen  who  considered  both 
plates  of  finite  and  infinite  length  planing  on  fluids  of  infinite  aixi 
finite  depth. 

The  adjacent  sketch  shows  the  flow  pattern  for  the  case  of  a  plate  of 
finite  length  planing  in  a  fluid  of  infinite  depth. 


7 


Green's  Two-Oimeneiooal  Spray  Configuration 
Finite  Length  Planing  Plate 

X  is  made  imflmite  in  seeh  a  «s|r  that  JL  ^  is  fimetf  tmd  *  * 

Green's  reealts  redeee  t«  Wegr»er*s.  iei  far  X  ^  finite  tlw  spray  tra^eo- 
iecy  aii^a,  y  ,  it  eamaiderebly  dB.fferaait  freai  tkt  trim  aagle,  t . 
Orwan's  eelatiaa  emahlee  erne  ts  csi^ti  Um  flee  ami  fareee  actimg  am  a 
7)«Ve  f«r  ai|f  near  aarfaee  salmaT^Bti  se  tltet  the  fame  ef  a  felly  veatl- 


R-678 
-  8  - 


I  ■ 
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i 

lated  plate  can  be  coiq>uted.  This  la  illuatrated  in  the  following  aketch. 


Pullj  Ventilated  Subcaarged  Flat  Planing  Plate 


For  thla  ceae  It  la  evident  that  the  epngr  thickneea  la  large  and 
the  angle  Y  la  aaior  tiiva  t  ,  approaching,  in  fact,  the  auppleaeot  of 
T .  The  iaportent  fact  to  note  la  that  ea  a  plate  la  laaMraed  In  a  fluid, 
aaj  at  conatant  trim  angle,  the  atagpation  point  moimt  cloaer  to  the  upper 
end  of  the  plate*  At  the  aan  tlJM  the  width  of  the  atreea  tube,  foraed 
bx  the  atagnation  atreaallne  and  the  free  aurface,  thicken*  and,  at  a 
particular  poaitlon,  the  Inertia*  of  the  tpragr  becova  ao  great  that  the 
diridad  flow  beglna  to  bend  around  the  top  edge  of  the  j^late.  The  raria- 
tion  of  the  angle  Y  with  the  poaitlon  of  the  atagnation  line  has  been 
eraluated  for  a  trla  angle  of  >0  degrees  using  Green's  theorotlcal  expres¬ 
sions.  The  results  are  graphed  in  Figure  1  (page  X)«t>lch  shoes  that  the 
*ngl«  Y  departs  appreciablx  from  esro  for  >0.60.  In  the  fol¬ 

lowing  section  it  will  be  shewn  that  this  rapidlj  increasing  apriir  ai^le 
accounts  for  the  appearance  of  the  sain  spraj  as  contrasted  to  the  se- 
oalled  Vhlaker”  fpnx  associated  with  planing  surface*. 


*lt  is  t*  he  Mted  that  the  Qaid  la  endewed  with  sMsa  d*eait|r  ae  that 
inertia  forces  exiat  hst  that  gravitir  is  ne^ileeted. 


Spray  Generated  by  a  Hiree-Dimenaional  Prismatic  Planing  Body 


In  order  to  describe  the  tvo  basic  spray  shapes  associated  with  plan¬ 
ing  forms  and  the  hydrodynamic  flow  processes  which  lead  to  the  generation 
of  these  sprays  it  is  necessary  to  examine  the  geometry  of  a  simple,  con¬ 
stant  deadrise  planing  bo<^  and  the  associated  free  water  surface  as  shown 
in  the  following  sketch. 


-calm  water  intersection 
stagnation  line 


^8t«p 

crest  of  J 

bow  "waTa  ■ 


main  spray 
blitter 


whisker  tfaray 


V 


A  pile-up  of  water  ahead  of  the  oab»-«atar  imVaraectlon  with  the 
bottom  takae  place  at  the  forward  edfe  ef  the  wetted  plamiag  area*  Aocord- 
ing  to  theoretical  and  experinantal  reeulte  (Atferamcea  1  and  tlaa  actual 
wetted  width  la  eaeentially  W  /t  tinea  the  antVed  width  defined  t|r  tho 
lerel  water  imtereecUen  with  th*  hetten.  In  the  iMeedieie  rleiAiljr  cf  the 
wetted  leading  edge,  a  atagnatlen  line  ef  high  preetnree  exiate.  The  angl* 
ef  the  ete^pMtion  line  relatlwe  te  keel  enn  he  geonetrlaelly  eetahliehed 
fron  a  k*Kvlc4fe  ef  the  dnedriee,  trim  and  W /i  were  riae  fecWr.  Twcdla* 
tlnct  tprgy  petterme  are  ehena  in  the  prewieee  atretTh.  Cm  in  the  ee-called 
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•Vliisker"  spray  which  appears  along  the  length  of  the  stagnation  line,  and 
t.he  other  is  the  main  spray  which  riaes  sharply  from  the  side  of  the  hull 
after  originating  in  the  vicinity  of  the  stagnation  line  intersection  with 
the  chine.  Characteristically,  the  whisker  spray  is  a  thin,  light  spray 
consisting  of  droplets  of  water.  Ihe  main  spray  is  a  continuous  blister  of 
fluid  in  the  form  of  a  cone  whose  apex  is  in  the  vicinity  of  the  stagnation 
line  intersection  with  the  chine.  Both  spray  patterns  are  apparent  in  Fig¬ 
ure  2  (page  31)  which  is  a  photograph  of  a  20  degree  deadrise  surface  plan¬ 
ing  at  a  trim  angle  of  eight  degrees  and  a  speed  coefficient  of  U.OO. 

Another  free  surface  disturbance  shown  in  the  sketch  on  page  9  is  a 
bow  wave  which  originates  at  the  chine  intersection  with  the  water  surface. 
This  bow  wave  is  a  divergent  wave  formation  and  is  akin  to  the  gravity  waves 
which  exist  for  normal  displacement  vessels.  At  low  speeds,  prior  to  the 
development  of  either  the  whisker  or  rualn  spray,  the  bow  wave  fonsition  is 
the  only  visible  water  surface  disturbance.  As  the  speed  increases,  drop¬ 
lets  of  whisker  spray  and  a  snail  main  spray  blister  appear  soaeidtat  outside 
the  crest  of  the  bow  wave.  At  high  planing  speeds  the  whisker  and  min 
spriy  formations  become  larger  and  wider  so  that  they  predominate  and  com¬ 
pletely  obscxire  the  bow  wave.  For  all  planing  speeds,  the  height  of  the 
crest  of  the  bow  wave  is  zmlatively  snail. 

Considering  the  simple  prissmtic  surface  sketched  on  page  9  »  exper¬ 
imental  evidence  presented  by  Ssdley^,  indicates  that,  except  In  the  vicin¬ 
ity  of  the  chine,  the  pressuxe  distribution  along  the  stagnation  line  is 
essentially  constant.  This  fact  lends  considerable  support  to  the  assump¬ 
tions  made  by  several  writers  that  the  resultant  flow  patterns  in  three- 
dimensional  planirg  can  be  decomposed  into  two-dimensional  cosponents. 

Thus,  in  analogy  to  the  aerotynaatic  treatment  of  flows  over  svept-back 

wings,  tha  free  streem  velecitgr  can  be  rseelved  into  a  component  ▼  normal 

n 

to  and  a  component  along  the  atafnatien  line  as  ahown  in  the  following 

•ketch  i^lch  is  en  enlargement  ef  the  leading  edge  ef  the  wetted  boitem 

•ree.  The  velecity  ceaponents  T  and  ?  are  defined  in  terms  ef  deed- 

**  *  6 

rise  and  trim  angle  by  Fiereom  and  Isehnever  . 


Sixse  V  la  essentially  constant  along  the  stagnation  line  (as  a  conse- 

8 

qiience  of  the  assusptlon  of  constant  stagnation  pressure  and  Bernoulli's 
equation) I  ths  flov  in  planM  nomal  to  the  stagnation  line  (sectiozs  k-c) 
■ay  be  treated  as  twoodijaensional  flovs.  Hence,  it  can  be  assuaed  that  the 
flow  in  section  k-c  is  equiTalent  to  the  floe  about  a  twoodlMensional  flat 
plate  planing  at  an  effectiTS  t  '  and  •  If  the  plane  k<>c  is  taken 
to  be  fixed  in  space  and  the  planing  surface  is  aade  to  pass  through  this 
plane  at  a  constant  V  ,  an  ezsa>l:;«uion  of  the  changing  flov  patterns  in 
the  plsoe  k*c  vlll  lead  to  a  possible  physical  explanatio*'  for  the  gen¬ 
eration  of  both  the  ehisker  and  nain  sprays. 

This  can  be  explained  bjr  considering  oonsecutire  positions  k^c^ , 
\i^C2  and  k^c^  of  the  plane  noraal  to  the  stagnation  line.  For  posi¬ 
tions  k^c^  a^  ^2^2  *  effective  two-dljKnsional  flov  is  that  of  a 
eeai-infinite  flat  plate  as  treated  ty  Vagner^  and  discuseed  on  page  6  of 
this  report.  In  theee  planes  a  thin  spray,  S  ,  is  generated  and  floes 
along  the  botten  sarfaee  aakiag  an  effbetive  angle  %riU)  respect  to  tJie 
oala  ester  surface.  Osing  the  priJMiplee  of  slxHitode,  the  vetted  length 
and  spray  tfciaknees  associated  vlth  theee  eqeiealent  tee-diaeneional  flat 
plates  incrsaae  llnserly  irith  Incresaing  distance  kV .  Ttw  effective  tee 
diaaeneional  pinning  velecltr  fer  a  plane  rack  as  is  and. 
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conseqaiently,  the  spray  Telocity  in  this  plane  is  .  In  the  actunl 
tnree -dimensional  flow  pattern  the  Telocity  component  V  is  added  to  the 
t^w-dimensional  coB^cent  V  so  that  the  resultant  spray  velocity  is  V 
and  makes  an  angle  oc  ■  tan”'*’  V relative  to  the  stagnation  line.  This 
resultant  spray  is  the  whisker  spray  previously  described.  It  should  be 
noted,  froa  the  previous  sketch  on  page  11,  that  the  tdiisker  spray  makes 
the  same  angle  oc  with  the  stagnation  line  as  does  the  free  stream  veloc- 
itjr  V  .  This  principle  of  "spray  reflection"  is  developed  analytically 
and  demonstrated  experimentally  in  Reference  6.  An  i^x>rtant  character¬ 
istic  of  the  whisker  spray  is  that  it  flows  along  the  hull  bottom  and  leaves 
the  chine  at  an  angle  which  is  equal  to  the  geometric  angle  of  the  hull  bot¬ 
tom  relative  to  the  level  water  surface.  This  angle  is  measured  in  a  plane 
which  is  at  an  angle  a  to  the  stagnation  line  and  normal  to  the  bottom. 
For  conventional  trim  and  deadrise  combinations,  this  hull  bottom  angle  is 
usually  small  and,  consequently,  the  whisk)r  spray,  which  follows  a  ballis¬ 
tic  trajectory  after  leaving  the  chine,  does  not  achieve  large  heights  above 
the  water  siu'face.  Furthermore,  since  the  whisker  spray  is  composed  of  thin, 
light  droplets  of  fluid  it  usually  is  controlled  by  moderate  chine  flares. 

For  normal  plimcs  near  the  chino  teminue  of  the  stagnation  line, 
i.e.,  section  >  *  sharp  change  in  the  two-dimeneional  flow  pattern 

takes  place  primarily  because  the  effective  two-dimensional  surfaoe  becomes 
a  surface  of  finite  length  whose  leading  edge  im  in  close  vicinity  to  the 
stagnation  line.  In  the  inboard  sections  ,  k^c^)  the  equivalent 

two-dimensional  flows  were  taken  as  being  similar  to  the  Vagner  semi¬ 
infinite  flow  solution  and  the  resultant  direction  was  shown  to  be 

tangent  to  the  hull  bottom.  At  the  finite  length  outboard  sections  (k^c^) 
the  equivalent  two-dimensional  flows  are  similar  to  those  described  ty 
Green  (and  on  page  7  of  this  report)  wh«re  the  spray  sheet  bends  around 
the  leading  edge  of  the  planir^  surface  end  develops  large  initial  tra>c- 
tory  angles  upon  leering  the  surface. 

Oeimg  Oreen's  foneulas,  Figure  1  on  »  hee  been  prepared  te  shew 
the  varlatlem  im  spray  trajectory  nr^e  with  e  deeroaeimg  total  lemglli  ef 
plmnimg  surface.  It  earn  be  see«  that,  far  retime  ef  effecUve  weiVed  leigth 
U  teiel  length  lees  them  .60,  the  tpray  Irajectery  angle  is  eqMl  ts  the 


trin  angle  of  the  planing  surface.  When  the  ratio  becomes  larger  than  .60 
(such  as  in  sections  near  the  chine)  a  rapid  increase  in  the  initial  spray 
trajectory  angle  results.  Applying  these  tiro-dijiensional  flow  concepts  to 
the  three-dimensional  planing  surface,  it  is  evident  that,  as  plane  k-c 
approaches  the  chine,  two  continuotis  changes  in  flow  patterns  result.  In 
the  first  the  spray  thickness  increases,  while  in  the  second  the  initial 
spray  trajectory  angle  increases  rapidly  for  sections  near  the  chine  (Fig¬ 
ure  1,  page  30^  Ihe  large  Initial  spray  trajectory  angle  near  the  chine 
can  account  for  the  formation  of  the  main  epray  blister  previously  des¬ 
cribed.  This  flow  process  indicates  that  the  main  spray  is  generated  in  a 
locadiaed  area  in  iie  region  of  the  stagnation  line  intersection  with  the 
chine.  Tne  fact  that  the  spray  thickness  and  Initial  trajectory  ar^le  are 
large  in  the  area  of  the  chine  causes  the  main  spray  blister  to  be  a  rela¬ 
tively  heavy  sheet  idiich  reaches  waxiaiua  trajectories  high  enough  to  vet 
seriously  and  to  increase  the  resistance  of  maiy  exposed  areas  of  a  sea¬ 
plane.  It  is  this  Min  spray  sheet  with  which  the  subject  report  is 
concerned. 

In  suieeary  then,  the  preceding  physical  descriptions  indicate  that 
the  whisker  spray  and  Min  spray  are  generated  by  essentially'  the  saae 
physical  flow  processes.  The  different  shapes  of  each  spray  pattern  are 
attributed  to  the  sharp  increase  in  ini  tied  trajectory  angle  (FiguM  1) 
and  the  contixaious  increase  in  elemental  sp*ay  thicknese  as  the  effective 
two-dlMnsional  flow  planes  approach  the  chine.  Inaseuch  ae  the  preesure 
(and,  consequsntly,  the  velocity)  changes  rapidly  near  ths  china  end  of 
the  ctagnatioo  line,  it  is  not  expected  that  the  euperposltion  of  the  croes- 
flow  and  spray-root  flow  will  result  in  accurate  quantitative  reeults. 

Never  the  leee,  it  doee  give  a  qualitative  picture  of  ths  hydrudynsmic  flows 
which  lead  to  the  developMnt  of  whisker  and  Min  sprays.  la  ordsr  to  ax- 
plore  further  the  Mchanlsm  of  Min  epray  generation  and  Vo  verify  the 
asfMptlon  thst  it  is  gensrated  la  s  localised  regien  nser  the  eUgnaUea 
liae  iaVerseetiea  with  the  ckiae,  e  few  simple  experlmente  were  perfermod. 
Thsse  are  doseribed  is  Nic  fallovlag  secti'w. 


EXPERMimL  STUDIES 


The  experlaental  inrestlgatlons  perforaed  in  this  etuc^  of  planing 
surface  spragrs  included  both  broad  ejqslorationa  to  define  the  origin  of  the 
generation  and  detailed  leasureaents  to  relate  the  main  spray  geome- 
tzy  vith  hull  and  planing  parameters. 

Eaqploratory  Teats  to  Determine  Origin  of  Main  Spxay 
Spray  Dam  Testa 

It  has  been  hypotheoleed  in  the  preTioua  general  diaeuseion  that  a 
main  spray  originates  Tirtually  from  a  "point*  in  the  1—diste  Tleinityof 
the  stagnation  line  intersection  with  tbn  chine.  It  vas  considered  Isportant 
to  rerliy  ezperiAntally  this  hTPothcsls  since  ea$ual  obtervttions  of  a 
■am  tpray  blitter  on  a  high  speed  planing  model  give  the  impression  that 
mater  issues  along  the  entire  wetted  chine  length,  thus  forming  the  tpray 

bliste’-  xn  order  to  explore  this  point  a  thin  aheet^-iigetal  strip  .20  beams 
long  vas  mounted  rertically  at  sereral  longitudinal  positions  along  the 
chine  of  a  20  degree  deadrlse  planing  surface  as  shown  in  the  following 
sketch,  (ihe  dimensions  of  the  rertical  chine  strip  are  defined  in  this 
sketch. } 
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The  pltMlMg  tmrfeee  mae  set  at  a  fined  hee^  ami  at  a  flaad  trim  eagle  ef 
elfiit  degrees  enl  tewed  at  a  ceaetesit  sfeed  eeeffUient  ef  3*00.  TW  re- 
ewltaet  tpray  pettere  fer  thee*  plaatag  eemdltieae  is  elMwm  ia  flgwre  >a 
ea  peg*  IT.  As  the  tmll  eerUeal  ehiae  •trip  vee  mmwd  he  peeiileee  ewe- 


cessively  forward,  no  effect  on  themaln  spray  blister  was  noticed  until 
the  strip  was  placed  at  the  stagnation  line  Intersection  with  the  chine. 

At  this  point  alnost  the  entire  aaln  spray  blister  was  suppressed  by  the 
minute  spray  strip.  Figaxre  3  presents  photographs  Indicating  the  effective¬ 
ness  of  the  small  local  chine  strip  in  practically  ellioLnating  the  main 
spray  blister.  As  evident  in  those  photographs,  the  chine  or  spray  strip 
was  installed  only  on  the  starboard  side.  The  main  spray  blister  on  the 
port  side  is  seen  to  be  osaontlally  identical  in  both  photographs.  As  the 
local  chine  strip  was  moved  ai.<.'id  of  the  stagnation  line  intersection  with 
the  chins,  the  main  spray  blister  was  undisturbed  but  a  deflection  of  the 
whisker  spray  in  the  area  of  the  chine  strip  took  place. 

One  other  hypothesis  concerning  the  origin  of  a  main  spray  also  was 
explored.  It  had  been  suggested  that  the  velocity  component  along  the 
stagnation  line  (V^)  might  oause  a  fluid  flow  in  the  direction  of  the 
chine  and  that,  upon  leaving  the  chine,  this  fluid  Jet  would  esqpand  to 
develop  the  main  spray  blister.  In  order  to  investigate  this  hypothesis 
a  small  longitudinal  fist  projecting  piste  .20  beams  long  and  .0^  beams 
dsep  was  placed  in  line  wit*':  the  flow  normal  to  the  bottom  and  across  the 
stagnation  line  eucceeeively  at  athwartehip  locations  of  .2$  and  .375  beams 
froei  the  keel.  It  was  intended  that  this  spray  strip  would  obstruct  the 
fluid  flow  along  the  stagnation  line  and,  consequently,  reduce  the  fluid 
Tolums  and  alter  the  geometry  of  the  main  aprir  bLister.  A  sketch  of  this 
local  epray  dam  and  photographs  of  its  effscts  on  (he  main  iipray  are  given 
in  Figure  h  on  pegs  3>,  It  is  evident  that  the  inboard  sprey  dame  have  only 
a  semdl  effect  on  altering  the  eppeerance  of  the  mein  spray  blister.  It  is 
obrioae  from  eonperlng  the  photographs  in  figures  3  end  k  that  the  chins 
spray  strip  is  much  mere  effectiva  than  an  inboard  strip  in  controlling  the 
aalji  spray  blister. 

Dye  lajection  Teste 

fe  cherscierise  furtlMr  the  erigln  ef  planing  surface  sprays  and 
partieilarljr  %e  define  the  dlvisiea  ef  the  mmdisUrbed  vator  tarfeae  late 
wiisdmr  asrt  aaia  eyray,  a  serlee  ef  ebeervatiefK  were  made  ef  the  s%ee^- 
uhea  e  blue  ijr*  added  W  the  field  at  vurieue  lacitSane 


state  patterae 
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around  the  planing  exirface.  Ihe  dye  was  carried  on  the  test  sodel  and  re¬ 
leased  fros  a  hopper  as  a  continuous,  thin  liquid  &treaa.  The  locations  at 
vhich  the  dye  was  Introduced  onto  the  free  water  surface  are  shown  in  Fig¬ 
ure  ^  on  page  3k*  During  each  test  run  colored  motion  pictures  were  taken 
to  establish  the  distribution  of  the  dye  Into  the  areas  of  spray  and  wake* 
(These  films  are  ayailable  at  ZTT*)  An  analysis  of  these  test  results 
indicated  several  qualitative  conclusions  concerning  the  basic  development 
of  the  spray  patterns* 

The  dye  was  first  introduced  at  position  ons  (intersection  of  stag¬ 
nation  line  with  chlm)  to  reestablish  the  fact  that  main  spray  issues  fhom 
a  single  small  region*  As  had  been  e:q>ected,  the  entire  sain  spray  blis  ter 
became  colored*  When  the  dye  injection  was  moved  forward  to  position  two 
(in  the  area  of  the  idilsker  apny)  the  main  spray  was  uncolored  aixl streaks 
of  blue  appeared  in  the  area  of  the  ^diisker  spray  surrounding  ths  point  of 
dys  introduction*  Ths  blus  dye  etream  then  was  moved  to  poeitions  aft  of 
the  stagnation  line  intersection  with  Ute  chine  (poslti  'ns  three  and  four)* 

In  these  positions  the  sain  aprsy  bllstar  remaiiMd  uncolored  and  the  blue 
appeared  in  the  wake  of  the  planing  surface* 

The  dye  hopper  next  was  moved  ahead  of  the  planing  siuface  and  the 
d}w  WM  introduced  onto  the  undiatorbed  level  water  surface  (pcisitions  five 
through  ten)*  In  position  five  occasional  streeka  of  blue  appeared  in  the 
whisker  si»‘ay,  the  main  spray  rsmaiosd  uncolorid  and  a  major  portion  of  ths 
dye  appsared  as  a  longitudinal  centerline  etreak  in  the  wake  of  the  pTanii^ 
surface*  At  position  six  subitantlal  areas  of  ths  whisker  spray  wersoelered, 
but  the  main  spray  and  wake  recialned  uncolored.  When  the  dy«  wee  placed  la 
pofitione  seven,  eight  and  nine,  the  main  spray  bllstsr  was  eolorad  Vltaa, 
but  the  whisker  spr^  and  waks  remtinsd  ancolored*  When  ths  dye  warn  moved 
to  poeitioB  ten  both  the  spray  and  waks  rsmaiatd  aacolersd  and  a  thin  blae 
streak  appeared  ea  the  waUr  surface  parallel  te  the  eemtsrllae  ef  ths 
•vxlel* 

The  qmaliUtive  rssmlte  tf  this  cxpleratery  ir*  experimoai  reaffirmed 
the  etavietiea  that  the  mala  spray  hliaVer  orlgimatae  trm  a  siagla  s— 11 
rag  lam  at  ^  cVit|MUaa  lias  latersecUem  with  the  ahlme  md  alse  shewed 
thsi 


(1)  the  undisturbed  fluid  ahead  of  and  along  the  centerline  of  the 
Bodel  appeared  in  the  vakej 

(2)  the  undisturbed  surface  fluid  ahead  of  the  model  and  for  a  dis¬ 
tance  of  approximately  .UO  beans  outboard  of  the  keel  appeared 
in  the  whisker  spray; 

(3)  the  undisturbed  free  surface  fluid  lying  in  a  band  approximately 
0*10  beam  on  either  side  of  the  chine  line  was  generated  into  the 
main  spray  blister; 

(h)  arjy  ffee  surface  fluid  further  outboard  of  the  keel  than  0.70 
beans  did  not  contribute  to  either  spray  formation. 

Detailed  Measurements  of  Main  Spray 
Teat  Program  and  Procedxum 

Detailed  measurements  were  made  of  (l)  the  maximum  height  of  the  mnin 
spray  zmlatlTe  to  the  undisturbed  water  surface  and  (2)  the  lateral  posi¬ 
tion  of  the  maximum  apray  height  relative  to  the  Waning  model.  The  main 
spray  dimensions  were  determined  for  simple  prismatic  deadrise  models  hav¬ 
ing  a  beam  of  nine  inches  and  deadrise  angles  of  0,  10^  20  and  30  degrees* 
The  models  were  tested  over  a  trim  aing'.e  range  6  ^  t  <  1^  degrees,  a 
speed  coeffici«it  range  1.0  <  «nd  for  mean  wetted  length- 

beam  ratios  X  i  2*50 .  Brief  invwetigatione  were  made  on  the  effect  of 
siBq>le  chine  spray  stripe  in  reducing  the  height  of  the  mein  spray  blister 
and  on  the  offset  of  a  wind  screen  towed  ahead  of  the  model. 

At  the  start  of  this  investigation  the  spray  dimenalone  were  obtained 

7 

by  the  three-view  schsms  developed  by  Locks'  using  a  single  overbeMd  camera 
and  two  sdirora.  The  details  of  this  technique  arc  described  in  Reference 
7*  Early  in  the  investigation  it  was  found  that  this  technique  presented 
diffioulties  In  obtaining  a  consistent  set  of  data  mainly  beoause  the 
idiiaker  spray  obecuzwd  the  main  spray  in  maty  of  the  vises.  Furthanaore, 
the  necessary  delay  in  processing  the  exposed  film  prevented  the  eetab- 
llshswnt  ef  nuBlni  data  plots*  To  circamvant  these  difflcmltiee,  it  was 
decided  to  use  a  Nlu^ld-lmnd  osMra  whtoli  was  set  eg  at  the  side  ef  Tank 
He.  3  in  order  te  photograph  the  side  elevatiem  ef  the  model  end  its  aaso- 
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ciAt«d  Miln  spray  blister.  The  rapid  aalf-daTt loping  fila  used  In  this 
canera  provided  spray  height  data  issasdiataly  after  the  end  of  each  teat 
run.  A  70  sun  caaera  vas  used  simultaneously  to  photograph  a  rear  Tlev  of 
the  min  spray  in  order  to  provide  data  on  the  laceral  position  of  the  spray 
blister.  A  grid  board  vas  attached  to  the  side  of  the  model  and  vae  need 
along  with  the  Polaroid  camera  to  measure  the  side  elevation  dimensions  of 
the  main  spray  blister.  Proper  corrections  vers  made  to  the  readings  to 
account  for  the  difference  In  the  height  between  the  top  of  the  spray  and 
the  center  of  the  Polaroid  camera.  A  suitable  static  caUhratlcn  vas  pro¬ 
vided  for  the  70  mm  camera. 

Appearance  and  Behavior  of  Main  Spriy  In  Model  Scale 

Prior  to  presenting  the  results  of  the  detailed  spray  nsasurenents, 
a  description  will  be  given  of  the  general  appearance  and  behavior  of  the 
main  spray  during  the  model  tests.  This  will  serve  as  background  for  In¬ 
terpreting  the  measured  results. 

The  series  of  side-view  photographs  given  in  Figure  6  on  page  35  il¬ 
lustrates  a  typical  variation  in  the  appearance  of  the  main  apray  aa  the 
speed  of  the  model  was  Ixcreaeed.  Figure  7  on  page  36  preeents  the  corres¬ 
ponding  stern  vlev  i^tographs  of  tbs  seme  test  rune.  These  photographs 
are  copies  of  the  actual  plcturee  used  to  eatablish  the  main  epray  height 
and  lateral  positlone.  In  these  pictures  the  test  model  ie  a  20-degrae 
deadrlse,  nina-lnch  beam  prlsaatic  aurfact  planing  at  a  trim  angle  of  12  de- 
preaa.  Mo  main  spray  fomation  la  evident  for  <  1.50.  Instead  a 
small  pila-up  of  vater  ia  visible  in  the  area  of  the  chine  intersection  vlth 
the  water  surface.  At  low  speed  coefficients  the  stem  views  eleaxly  ebov 
tha  amall  bow  wave  formation  attached  to  the  model.  At  ■  1.50  the 
typical  main  spray  blister  appears  at  a  thin  contiruoua  abaet  of  fluid. 

At  >  2.00  tha  main  spray  blister  becoaea  higher  and  lergar  bat  atiU 
■aintalne  its  aaaentially  continuous  appearwee.  Vhen  the  ia  increased 
to  2.50  the  eprsy  sheet  Increeeee  in  height  end  develepe  sm  inetability  vhiah 
is  characterised  Igr  the  eppearance  of  slnuaoidal  oeciUationa  (net  anlUca 
that  of  a  flag  in  a  bretse).  This  instability  Is  slsiilar  te  that  des erlhtd 
by  Dundvrs  and  Hamilton^  In  their  beelc  atuc^  of  tho  etabUity  of  thiashoeta. 


At  •  3*00  the  min  spray  instability  attains  oscillations  severe 
enoTigh  to  zapture  areas  of  the  spn^  sheet  and  to  form  droplets  of  water 
idiich  az*e  thrown  away  fk'oa  the  main  spray  sheet.  When  the  planing  speed 
is  Increased  to  3.50  «  the  general  appearance  of  the  main  spray  is 

no  longer  that  of  a  continuous  blister  but,  for  the  most  part,  consists  of 
broken,  danse  droplets  of  fluid  idu)se  trajectory  is  a  continuation  of  that 
poirbicn  of  the  aain  spray  sheet  which  is  still  intact.  This  characteris¬ 
tic  is  3Bost  clearly  Illustrated  in  the  stern  view  i^tographs  of  Figure  7 
on  page  36.  Figure  7  also  shows  that  the  effect  of  Increasing  the  speed 
coerfleient  causes  the  inboard  surface  of  the  main  spray  sheet  to  move 
closer  to  the  chine  of  the  planing  nodel  and,  eventually  to  obscure  the 
bow  mve  formation  which  had  developed  at  low  speeds. 

The  thin,  continuous  "glassy"  appearance  of  the  main  spray  sheet  at 
moderate  values  of  is  ^aractsristlc  of  the  main  spray  developed  dur¬ 
ing  the  model  tests.  Prototype  main  spray  formations  usually  are  broken, 
dense  droplets  of  water  idiich  prea«it  an  overall  milky  white  appearance. 
Because  of  the  contioui'^  and  small  radizus  of  curvature  of  the  nodel  main 
spray  sheet,  surface  tension  forces  are  large,  relative  to  the  Inertia 
forceo-  Coneequentlv,  these  forces  hive  a  strong  effect  in  keeping  the 
spray  blister  intact.  This  curved  sprigr  shest  acts  as  a  highly  cambered 
airfoil  which  develops  an  aerodynamic  lift  caused  by  the  action  of  the  rela- 
tiva  wind  stream  into  zdiich  the  spray  shest  is  thrown.  The  lift  force  then 
raises  the  spray  blister  to  a  8<mMwhat  greater  height  than  it  would  achieve 
if  t2)e  model  were  towed  in  e  vacznm. 

This  lifting  effect  was  noted  in  a  brief  experimental  investigation 
which  was  made  with  a  30  degree  deedrlse  model  towed  at  trim  aisles  of  12 
and  15  degzaee,  with  and  without  a  deflectlnf  uindecreen  installed  ahead  of 
the  planing  modal.  For  the  nine-inch  beam  model  at  e  C  >  2.00,  the  main 
spragr  height  withcut  a  windscreen  was  approximately  20  percent  higher  then 
that  with  a  windscreen.  It  wee  also  femad  that,  without  a  windscreen,  the 
sprsgr  shset  became  unstable  at  o  lower  end  that  its  Inetebilities  were 
morm  pronoancsd  than  with  a  windscreen.  At  higher  when  the  spray  tbeel 
wee  broken  up  into  dense  droplets  ef  water,  the  wlndecreem  had  little  ef¬ 
fect  on  the  spn^  appsarafice.  Because  sf  the  brief,  explefatscy  netve  ef 
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the  vlixiscreen  Inrestlgation  a  thorough  ermluation  of  the  effect  of  surface 
tension  and  aerodynaale  forces  on  aodel  spray  geometry  at  snail  reloclty 
coefficients  vas  not  possible.  Howerer,  it  can  be  hypothesised  that^  as 
the  model  size  is  ixtcreased,  the  inertia  forces  will  become  nuch  larger  than 
the  surface  tension  forces  and,  consequently,  the  extent  of  the  nain  spray 
vhich  remains  intact  shrinks.  In  the  prototype,  the  sheet-like  behaTior 
usually  is  confined  to  the  first  few  feet  of  the  spray  and  beyond  that  re¬ 
gion  the  spray  disintegrates  into  myriad  droplets  iHiich  appear  to  continue 
upward  axkl  outward  on  the  initial  trajectory  of  the  spray  sheet.  Because 
of  the  unknown  magnitude  and  consequences  of  surface  tension  and  aerody¬ 
namic  forces  in  model  tests  of  main  spray,  a  mors  coBqprehensiTe  and  basic 
stucly  of  these  effects  is  reccMnended,  particularly  for  Tery  small  model 
sizes. 

The  correlation  between  model  aixl  corresponding  prototype  spray 
heights  has  been  the  subjccu  of  seweral  papers  (References  7,  9»  10  and 
U).  The  results  of  these  studies  have  been  Inconclusive.  SoaM  indicate 
good  agraeawnt  between  model  and  juroto^Tpe  spray  heights,  while  others 
Indicate  the  prototype  spray  to  be  scaaewhat  higher  then  the  BK>del  spray. 

One  of  the  difficulties  in  such  a  comparison  has  besn  ths  unreliability  of 
the  prototype  data.  Sufficiently  accrirate  measurensnts  of  the  pzptotype 
trim,  heave,  draft  and  spray  hei|^t  have  not  been  available  to  mske  accu¬ 
rate  comparisons  with  model  results.  Furthsz*mors,  prototype  tests  are  al¬ 
ways  in  a  power-on  condition  where  propeller  sllpstreem  velocities  may 
influence  the  spray  height.  One  uniform  recoonndation  made  by  most  invest¬ 
igators  is  that  fuz*ther  studjr  of  ths  characteristics  and  behavior  of  model 
and  prototype  spray  formations  is  highly  desirable. 

In  order  to  eliminate  the  aerodynamic  effects  on  model  spray  blisters 
it  was  decided  to  awasurs  all  spray  heights  with  the  model  running  behind 
a  vindscz^en.  It  vss  believed  that  the  resultant  spray  hsi|^ts  would  be 

s 

mors  like  those  of  ths  broken  prototype  spray  vhich  appeared  to  be  cnef- 
fected  by  the  free  stre«  velocity. 

As  further  Illustration  of  ths  spray  appsarance  with  varying  planing 
parsmsters,  Figure  8  on  psge  37  hss  been  prepared  to  illustrate  ths  spray 
variation  with  trim  angles  and  Flgire  9  on  page  30  has  been  prepared  te 


show  th«  variation  with  deadrise  angles*  Both  series  of  photographs  are 
for  a  nine-inch  bSMa  aodel  planing  at  >  2*00  •  It  is  evidsnt  that  the 
"glassy*,  continuous  appearance  of  the  aain  spray  is  maintained  for  trln 
angles  froaslbcto  1^  degrees.  Figure  9  shoes  that  at  p  ■  0  degrees  the 
main  spriy^  does  not  exhibit  the  usual  blister  appearance  but  rather  appears 
as  a  longitudinal  plum  of  water.  For  p  ■  10,  20  and  30  degrees,  the 
blister  appearance  of  the  main  spray  again  is  evident*  The  subsequent  sec¬ 
tion  of  this  report  will  define  quantitatively  the  variation  in  spray  geoae- 
xry  with  deadrlse,  trim  and  velocity  coefficient* 

Height  of  Main  Spray  fToa  Model  Tests 

The  maximKei  heights,  ^  ,  of  the  oain  spray  blister,  as  nsaisured 
from  the  Folarold-Land  pictures,  are  plotted  in  Figure  10  on  page  39  for 
the  four  tested  daadrise  surfaces*  All  test  data  were  obtained  for  the 
nine-inch  beam  models  planing  at  a  fixed  X  •  2*90  azxi  towed  behind  a 
windscreen*  The  height,  C  ,  is  the  distance  between  the  level  water 

4 

surface  and  the  maxiiium  height  of  the  spray  blister  which  remains  intact* 

At  values  of  C  where  the  spray  broke  into  rather  large  droplets,  an 
accurate  determination  of  the  maxiirai  spray  hsi^t  was  not  possible* 

In  Figure  10,  the  ratio  (  A  ^  plotted  against  for  each 
test  trim  angle  and  deadrlse  model*  This  normalised  reparesentation  of  the 
spray  height  was  used  in  order  to  establish  whether  or  not  the  spray  fol¬ 
lowed  a  ballistic  tra^toiy  \xp<m  leaving  the  chine  of  the  planing  model* 

Exemining  the  data  for  each  deadrlse  it  can  be  seen  that,  beyond  a  C  of 

2  ^ 

approximately  1*90,  the  ratio  (  A  Ac  ^  conetant  for. a  given  trim 
engle,  thua,  indicating  that  the  spray  height  varlee  as  the  equere  of  the 
speed  for  a  given  combination  of  planing  conditions*  For  <  1*^  it 
is  seen  that,  with  decreeeing  speed,  the  spray  helgb^  decreases  moch  more 
rapidly  than  the  square  of  the  speed*  Ibis  ie  attributed  to  the  feet  that, 
in  this  speed  renge,  the  besic  flow  pettem  about  the  model  is  Influenced 
strongly  grsvity  and  to  eome  extaet  by  eurfaos  teneloa*  For  10,  20 


*1bis  is  met  te  be  eenfimed  with  the  inflesmee  ef  bw^wmey  whcee  effbet 
le  epp^emt  im  plaming  lift  eeeffielemt  te  a  ef  aboet  10  * 
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and  30  degrees  deadrlse  surfaces  a  liMltlng  line  Is  drawn  to  indicate  the 
combinations  of  and  t  at  which  the  spray  blister  breaks  up  into  large 
droplets* 

Although  it  was  difficult  to  measure  accurately  the  maxiaum  spray 

height  during  the  spray  break-up^  it  was  expected  that,  since  the  main  spray 

development  followed  a  ballistic  trajectory,  the  maximua  hei^t  of  the  water 

droplets  at  high  C  could  be  defined  by  the  normalised  coefficients 
2  ^ 

{  /V  /2g  .  It  is  interesting  to  note  that,  for  a  given  trin,  tbs  spray 
sheet  remained  intact  at  higher  speeds  as  the  dsadrlse  angle  was  increased 
from  10  to  30  degrees*  Observations  of  the  model  spray  patterns  indicated 
that,  with  increasing  deadrlsa,  the  spray  blister  becase  narrcwer  in  width 
and  was  directed  further  aft.  The  narrower  width  would  make  the  spray 
blister  more  stable  and,  consequently,  would  delay  the  development  of  in¬ 
stabilities  in  the  sheet. 

for  p  ■  0  degrees,  no  spray  break-up  limit  line  is  shown  in  Figure 
10  (page  39).  It  should  be  recalled  from  the  discussions  on  page  21  that 
the  usxial  spray  blister  was  not  developed  for  p  >  0  degrees,  but  rather 
the  spray  appeared  as  a  long  longitudinal  plume  of  water  ruzming  close  to 
the  chine  of  the  iMdel*  In  order  to  investigate  the  effect  of  X  on  the 
main  spray  height,  several  teat  runs  were  made  with  each  deadrise  model  set 
at  X  -  0*60  and  1*50  *  for  this  test  range  of  X,  no  discemable  effect 
of  moan  wetted  length-beam  ratio  on  the  spray  geometry  was  evidenced*  This 
follows  from  the  fact  that  the  icain  spray  generation  was  dependent  solely 
on  the  local  conditions  at  the  sttgnatloc  line  intersection  with  the  chine. 

The  limiting  values  of  the  zvtlo  (  /V  /2g  for  each  trim  and  dead- 
rise  combination  have  been  taken  from  figure  10  and  replotted  in  Figure  11 
on  page  UO  in  order  to  show  more  clearly  the  effect  of  trim  and  deadrise  on 
mein  eprey  height.  It  is  ssen  that,  at  a  given  trim  angle,  the  spray  height 
Is  smelleet  for  ^  0  degrees,  increeses  to  a  maximum  value  when  f  is 

approximately  10  degree#,  and  then  decreases  as  ^  Is  increased  to  30  de¬ 
grees.  Increasing  v  at  aigr  given  ^  cause#  a  large,  almoet  linear  in¬ 
crease  in  sexlmum  eprey  height.  It  is  evident  from  figure  U  that,  on  the 
whole,  ths  mein  eprey  height  is  much  >»re  esneitive  to  trim  angle  changes 
than  to  charge  in  deadrise  ar^le* 


•Haperpo3®d  on  the  plots  (  f  Figure  11  are  lines  of  the  constant  staig* 

1  2 

nation  line  pz>e»a8ure  coefficient,  ^8^2  ^  coabinations  of  t  and 

P  which  dewelop  a  constant  p  were  obtained  fron  Piguz^  15  of  Refer- 
ence  6  i^ch  shows  that  the  stagnation  line  pressures  are  solely  dependent 
upcm  the  angle  between  the  stagnation  line  and  keel,  neasvired  in  the  plane 
of  the  bottom*  Consequently,  for  given  values  of  stagnation  presstire  co¬ 
efficient  and  trim  angle,  there  is  a  corresponding  deadrise  angle  idilch 
will  develop  this  pressure.  It  is  interesting  to  note  from  Figure  11,  that 
the  aaziaua  main  spray  heights  are  not  strongly  dependent  vpon  the  stagna¬ 
tion  pressure*  Instead,  for  a  given  stagnation  pressure,  there  is  a  linear 
iiacrease  in  spray  height  with  increasing  deadrise  angle*  Siailarly,  by  a 
cross-plot  of  Figure  11  using  the  trla  angle  as  an  abscissa,  it  can  be 
shown  that,  for  a  given  stagnation  pressure,  a  linear  increase  of  spray 
hei^t  takes  place  as  the  trie  angle  is  increased*  Both  increases  follow 
from  the  fact  that,  for  constant  p  ,  an  increase  in  trim  or  deadrise  re- 
suits  in  larger  effective  angles  of  attack  of  the  two-dinensional  flow 
plane  used  to  describe  qualitatively  the  main  spray  generation  (page  12)* 
It  will  be  recalled  that  the  angle  of  attack  of  the  two-dlaeneional  flow 
plem  is  the  angle  between  the  line  of  intersection  of  a  plane  normal  to 
the  bottom  and  perpendicular  to  the  stagnation  line  and  the  line  of  inter¬ 
section  of  this  plane  with  the  level  water  eurfaco*  The  value  of  this 
angle  in  tense  of  trim  and  deadrise  is  given  in  Figure  3  of  Reference  12* 
The  angles  of  attack  of  tbs  effsctive  two-dlasneion  plants  wars  calculated 
for  the  triB  end  deadrise  combinations  which  developed  the  cooetant  ratios 
p^^l  pV^  sbosro  in  Flgwre  11*  Although  these  reeulte  ere  not  tabulated  in 
this  report,  it  was  found  that  the  initial  trajectory  angles  correeponding 
to  the  sMDdmw  measured  eprsy  heights  were  always  larger  than  the  effec¬ 
tive  angle  of  attack  of  the  two-dimeneionel  planes*  This  ftet  farther  ix>- 
dioatee  that  there  is  a  large  tum-up  of  the  basic  fluid  flow  as  it  learee 
the  chins  —  such  as  was  seseclated  with  Greea's  flew  which  was  described 
on  pegs  7  and  la  Refereoce  2*  It  is  sgala  eaphaeiaed  that  the  deecrip- 
tlems  #f  aeia  sprsy  geaerstioa  contained  herein  give  a  qeallUtive  pictare 
ef  the  msCfhen1ea,Vst  a  detailed  three«dieene ienal  stady  is  necassary  ef  the 
flev  in  the  reglem  ef  the  stegnstioa  line  interseetiea  with  the  ehine  la 
mfder  describe  qeentitetlvely  the  naia  spray  geometry* 
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Lateral  Position  of  Majdaum  Spngr  Height  froa  Model  Teste 

The  transTerse  position,  rj  ^  of  the  naxlinm  height  of  the  aain 
spray  blister  asasured  outboard  of  the  chine  Is  shosm  In  Figure  12  (page 
Ul)  for  the  four  test  Models.  For  each  deadrlse  model,  the  coefficient 
1  /V  /2g  is  plotted  against  for  each  test  trim  angle. 

For  deadrlse  angles  of  aero  and  10  degroae,  it  is  erldent  that  the 
ratio  ^/7  /2g  is  essentially  constant  for  each  test  trim  an^e  iihen 

Is  larger  than  approximately  2.00 .  For  ^  -  20  degrees  a  slight  reduc- 

2 

tion  In  the  ratio  ^,/V  /2g  is  noted  vhen  C  Is  Increased  to  Talues 

’  2 

larger  than  2.00  •  For  p  ■  >0  degrees,  the  ratio  ^/V  /2g  is  constant 
for  the  range  2.00  <  <  3*$0  and  then  decreases  as  is  Increased 

to  Talnss  larger  than  3.^  .  If  the  ballistic  concept  of  main  spray  gen¬ 
eration  is  applied.  It  becomes  apparent  that  the  athwartshlp  cosqponent  of 
the  spray  trajectory  angle  Is  a  function  of  the  spaed  eoefflelent  for  each 
deadrlse  angle.  It  should  be  recalled  froa  the  discussions  of  spray  height 
(page  21)  that  the  spray  height  ▼axd.ed  as  the  square  of  the  speed  for  all 
test  >  1.50,  thus  Indicating  that  the  trajectory  an|p.e  relative  to 
the  horisontal  is  Independent  of  .  From  the  data  In  Figure  12  on  page 
Ul  It  appears  that,  for  a  giren  trim  end  deadrlse  angle,  the  athwartshlp 
cosqwnent  of  the  trajectory  angle  first  Increases  with  ,  then  remalim 
constant  oTsr  a  small  IncresMnt  of  and  finally  is  reduced  as  is 
furthsr  increased.  No  attespt  has  been  sade  In  this  analysis  to  STaluate 
this  athwartshlp  angle  for  the  rarlous  test  c<md>lnatlone  of  t  ^  and 
.  Boveesr,  It  is  clsar  from  Figure  12  that  the  absolute  distance,  rj  , 
Increases  constantly  with  owsr  the  test  speed  range. 

In  order  to  isolate  the  effect  of  t  and  f  on  the  lateral  posi¬ 
tion  of  the  maxisKBi  spray  bei^t,  the  maxljnai  value#  of  the  ratio  1 
for  a  given  t  aad  f  oenbinatioa,  hare  been  taken  frcei  Figure  12  and 
repletted  on  Figure  13  on  page  k2.  It  is  claar  that,  for  all  test  dead- 
rise  models,  the  lateral  position  of  the  saxlsKsi  tprsy  height  increases  with 
Inereeeiag  trls  angle.  Ute  effect  of  Increaelng  deadrlse  from  terete  20  de- 
greae,  fer  a  given  trim  amgle,  la  to  increase  the  lateral  peeitlom  ef  the 
spray  blister.  !§>•»  the  deadrlse  is  increased  te  30  degreea  the  lateral 


position  is  decreased*  The  iBinimn  lateral  rosition  of  the  nain  spray 
occurs  at  a  deadrlse  angle  of  aero  degrees  for  all  test  trim  angles. 

EffectiTeness  of  Chine  Flare  in  Controlling  Main  Spray  Height 


A  brief  inTestigation  vas  made  of  the  effect  of  slnple  vertical  and 
horisontal  chine  strips  in  altering  the  height  of  the  main  spray  blister. 

For  this  inrestigation  the  nine-inch  bean,  20-degree  deadrlse  model  vas 
tested  at  trim  angles  of  8,  12  and  1$  degrees  over  a  range  from  ap¬ 
proximately  1.50  to  U.OO.  Several  vertical  and  horizontal  chine  flares 

vere  investigated  at  each  combination  of  planing  parameters* 

« 

The  vertical  chine  strip  vas  a  .061i-lnch  dural  plate  vhich  vas 
fastened  to  the  side  of  the  model  along  the  entire  length  of  the  starboard 
chine*  The  bottom  edge  of  the  vertical  chine  plate  vas  set  at  depths  of 
•006  b,  *011  b,  *022  b  and  *0^  b  belov  the  chine  line.  Folaroid-Land 
pictures  vere  taken  of  the  resultant  spray  pattern  in  order  to  establish 
the  maximum  heights  of  the  nain  spray  blister*  The  results  of  this  investi¬ 
gation  are  presented  in  Figure  lit  (page  U3)  vhich  shovs  that  the  vertical 
spray  strip  is  extremsly  effective  in  reducing  the  height  of  the  nain  spray. 
For  a  vertical  chine  strip  5.6  percent  of  the  bean  deep,  the  spray  height 
eras  reduced  to  approxlmatoly  6$  percent  of  the  hei^t  developed  in  tests  of 
tim  smdel  vithout  chine  strips* 

At  trim  angles  of  ei^t  and  12  degirees  the  figure  shovs  that  increas¬ 
ing  tbs  depth  of  the  vertical  spray  stripe  to  *011  b  causes  significant 
reductions  in  the  spngr  height*  Further  Increases  in  the  depth  of  the  spray 
strip  result  in  only  moderate  reductions  in  sprsy  height.  It  appears  that, 
For  these  trim  angles,  little  gain  in  sprsy  reduction  vill  be  achieved  by 
vising  vertical  spray  strip  dapths  larger  than  5*5  percent  of  Uie  beam* 

Fbeee  results  are  in  excellent  agreement  vith  conclusions  reached  byLocks^* 
A.t  tsst  trim  angles  of  1$  degrees,  a  continuous  reduction  in  spray  height 
appears  as  the  depth  of  vertical  strip  is  increased*  No  atteiipt  vas  eads 
to  establish  the  limiting  depth  at  vhich  the  effectiveneee  of  vertical 
spray  strips  vss  reduesd* 
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Tbe  horisontal  chlnt  strip  used  In  these  testa  ves  fomed  hy  filling 
the  ares  between  tbs  bottoe  edge  of  the  Tertical  chine  strip  and  the  bot- 
ton  of  the  model  with  plasticene.  The  lower  surface  of  the  plastlcene  fill 
was  horizontal,  was  faired  Into  the  bottom  of  the  model,  and  was  set  at 
depths  of  .022  b  and  .056  b  below  the  chine  of  the  Mdel.  The  resxilts  of 
these  tests  are  plotted  In  Figure  1$  on  page  Ui.  It  Is  seen  that  horizon¬ 
tal  chine  flare  has  no  effect  In  reducing  the  height  of  the  main  spray. 

In  fact,  at  the  test  trim  of  1$  degrees,  the  horisontal  chine  flare  actu¬ 
ally  caused  an  Increase  in  spray  height  as  coiq>ared  to  the  model  without  a 
chine  flare.  Again,  these  resvilts  confirm  the  results  obtained  by  Locke 
in  Figure  9  of  Reference  13. 

Due  to  structural  design  difficulties,  the  vertical  chine  strip  pwy 
not  be  a  practical  configuration.  The  Introduction  of  a  chine  fillet  with 
down  flare  should  orereoms  this  structural  difficulty  and  produce  good  spray 
control.  It  appears  to  be  lqx>rtant  in  chine  flare  design  to  make  certain 
that  the  edge  flows  are  deflected  downward  upon  leaving  the  model.  In  Fig¬ 
ure  13  of  Reference  13,  Locke  showed  that  a  down  flare  angle  of  h$  degreec 
Is  almost  as  effective  as  a  vertical  chine  strip. 

COHCUJSIONS 

Analytical  and  ncperlmental  studies  of  the  main  spray  associated  with 
prismatic  planing  surfaces  have  led  to  the  following  conclusions  regarding 
the  basic  aechanlsm  of  Its  generation  and  the  dependence  of  its  geometric 
form  up(m  the  fundamsntcl  planing  parameters. 

1.  The  main  spray  originates  from  a  localised  area  at  the  inter¬ 
section  of  the  stagnation  and  chine  lines. 

2.  The  entire  main  spray  blist«r  can  be  sAg>preoted  effectively  ty  a 
small  local  vertical  spray  dam  placed  at  the  atagnation  line  intersection 
with  the  chine. 

3*  The  trajectory  angle  between  the  main  spra/  eheet  aed  the  heri- 
zooUl  plane  is  mmeh  larger  than  the  trim  angle  er  the  ai^le  ef  the  stag- 
natlom  lime  eVrve  the  Iwritmntal.  It  is  the  trajeeiory  angle  whicfi  aceemnte 
for  the  large  heights  eckieved  ty  the  nelm  spray  hliater. 


U*  The  generation  of  the  so-called  ’•whisker"  spray  at  the  wetted 
laadlng  edge  of  a  planing  surface  is  similar  to  Wagner's  semi-infinite 
two-dlaensional  type*  of  flow,  while  the  generation  of  the  main  spray 
blister  isBeediately  behind  the  whisker  spray  is  similar  to  Green's  finite - 
leading-edge  (two-diwnslonal)  tyj>e  of  flow.  A  natural  transition  from 
the  Wagner-type  to  the  Green-type  flow  exists  at  the  forward  edge  of  the 
planing  area. 

5.  Ihe  water  in  the  main  spray  originates  trcn  a  surface  strjp  of 
the  undiatui'bed  fluid  lying  ahead  of  and  parallel  to  the  chine  of  the 
planing  surface  for  a  width  approximately  .10  besTss  on  each  side  of  the 
ehliM  line.  IImi  surface  fluid  inboard  of  this  strip  appears  as  a  whisker 
spriy, while  the  fluid  outboard  of  the  strip  remains  on  the  surface  wave 
ganerated  by  the  planing  surface. 

6.  Detailed  measurements  indicate  the  spiwy  heights  vary  with  the 
square  of  the  speed  for  >  1,50  end  depend  only  on  the  locd  flow 
conditions  at  the  stagnation  line  intersection  with  the  chine,  l.e.,  do 
not  vary  with  aspect  ratio. 

7.  The  trim  angle  has  a  stzx>ng  effect  on  the  maximum  hol^^t  of  the 
mmin  aprsy.  Spngr  heights  Incresse  spproximstely  linearly  wltli  the  in¬ 
creasing  trim  angle. 

8.  The  deadrlse  angle  has  only  s  moderate  effect  on  the  mazlMum 
bml^t  of  the  main  s|ray.  The  spray  height  increasee  as  the  deadrlse 
angle  is  increased  from  aero  to  10  degrees  and  then  decreasee  ae  the 

angle  increaaea  above  10  defreee. 

9.  Vertical  chins  strips  ars  a  very  effective  means  for  rsducii^ 
the  spray  height.  Ch5ne  strip  dspths  as  small  as  2.2  perceat  of  tha  beam 
reduoe  the  main  snrajr  height  almoet  6$  percent. 

10.  Roriiontally  faired  chine  stripe  are  Imeffactive  in  reducing  the 
epny  halite. 

11.  Becauee  of  the  intact,  "glaesy*  contineoue  blister  which  is 
charmeteristle  of  model  tprsy#  ssrfsoe  teneioa  foreee  act  throM^h  the 
•heat  and  the  entire  eheet  is  swb>3ie4  %•  nere<hraimdc  llfUi^  fersee  ae 
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it  passes  throvigh  the  relatire  wind  stream.  The  comblnod  effect  of  t>jcse 
forces  on  model  spray  heists  should  be  further  inyestigated. 
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figure  I 

VARIATION  OF  SPRAY  ANGLE  WITH  DEPTH  OF  SUBMERGENCE 
FOR  A  TWO-DIMENSIONAL  FLAT  PLATE  AT  r*30» 
(OREEN'S  SOLUTION.  REFERENCE  2) 


FIGURE  2 

TYPICAL  SPRAY  FORMATION  FOR  A  PRISMATIC  PLANING  SURFACE 


FIGURE  3 

EFFECT  ON  MAIN  SPRAY  PATTERN 
OF  LOCAL  VERTICAL  CHINE  STRIP  PLACED 
AT  THE  STAGNATION  LINE  INTERSECTION  WITH  THE  CHINE 


(o)  NO  LOCAL  VERTICAL  CHINE  STRIP  (b)  SMALL  LOCAL  VERTICAL  CHINE  STRIP 

Cv  ■  3.00  PLACED  AT  THE  STAONATION  LINE 

INTERSECTION  WITH  THE  CHINE 


FIGURE  4 

EFFECT  ON  MAIN  SPRAY  PATTERN 
OF  LOCAL  SPRAY  DAMS  PLACED  NORMAL 
THE  BOTTOM  AND  ACROSS  THE  STAGNATION  LINE 


FIGURE  5 

LOCATION  OF  BLUE  DYE  POSITIONS 
(/9*20®.  b*5“.C^s3.00) 


n-C7« 

-54- 


s 

Xi 

OOOOO-:JcDOQ0Q 

•  •••  ••••• 

1 

Position 

H  OJ  ^n-^XAvO  t^CO  CAO 

LCVCL  WATIK 


FIGURE  7 

VARIATION  OF  MAIN  SPRAY  PATTERN 
WITH  INCREASING  SPEED  COEFFICIENT 
(STERN  VIEW) 

/9-20*  r«l2*  b.9" 
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FIGURE  9 

VARIATION  OF  MAIN  SPRAY  PATTERN 
WITH  INCREASING  DEADRISE  ANGLE 

T  =  12°  Cv  =  2.00  b  -  9" 


A  = 


0° 


0  =  10° 


$  t  20* 


$  t  30* 


FIGURE  10 
(CONTINUED) 
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FIGURE  II 

VARIATION  OF  MAXIMUM  HEIGHT  OF  MAIN  SPRAY  BUSTER 

WITH  TRIM  AND  DEAORISE 


FOR  Cv>l50 


FIGURE  12 

VARIATION  OF  LATERAL  POSITION  OF  MAXIMUM  HEIGHT  OF 
MAIN  SPRAY  BLISTER  WITH  SPEED  COEFFICIENT  AND  TRIM  ANGLE 


FIGURE  12 
(CONTINUED) 


Figure  i3 

VARIATION  OF  LATERAL  POSITION  OF  MAXIMUM  SPRAY  HEIGHT 

WITH  TRIM  AND  DEADRISE 

(MAXIMUM  LATERAL  POSITIONS  TAKEN  FROM  FIGURE  12) 


FIGURE  14 

EFFECT  OF  VERTICAL  CHINE  STRIPS  ON  HEIGHT  OF  MAIN  SPRAY 

(/9  =20®,  bsS") 


FIGURE  15 

EFFECT  OF  HORIZONTAL  CHINE  STRIPS  ON  HEIGHT  OF  MAIN  SPRAY 

( =  20®.bs9**) 
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